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@ TST Terms of Reference

Background

The Technology Strategy Team (TST) was originally chartered to provide
support and inter-center coordination for ESE technology planning efforts.
Many of the original responsibilities of the TST are now being served by the
Earth Science Technology Office (ESTO), which was formed in 1998, to
manage the Earth Science Technology Program (ESTP) for NASA
Headquarters. The original terms of reference (August 5, 1997) of the TST
has served its purpose of initiating the planning process.

The purpose of the TST is to advise the ESE Lead Technologist and ESTO
in the planning and implementation of the ESTP. Its secondary purpose is
to provide coordination between NASA centers on the ESE program.
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@ TST Terms of Reference

Functions and Responsibilities
- TST will meet regularly to review near-term and long-term plans of the ESTP

to assess

1. Responsiveness of the ESTP to future ESE need,
2. Processes used by ESTO in determining those needs,

3. Implementation strategies, and
4. Processes to assure proper leveraging of other activities outside ESE.

- TST will advise the ESE Lead Technologist and the ESTO Program
Manager on topics of interest and/or issues.

- TST members will serve as representatives to the ESTP, and will coordinate
the ESTP with their home organizations.

ESTO
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@ TST Terms of Reference

Membership

- TST will consist of representatives from ESE Elements, NASA Centers,
NASA technology programs and external organizations engaged in
development of technologies pertinent to future ESE needs.

- TST members shall be appointed by their organization and shall be chosen
for their ability to represent the technology plans in their home organization that
may require coordination and integration with the ESTP.

- TST members are expected to attend all TST meetings or designate an
alternate. It is paramount that all Center or participating organizational views
be represented.

- Members of the TST will be appointed by the heads of their home
organizations (e.g., Center Directors) or programs. Should organizational
responsibilities change in the future or TST needs change to the extent that
different representation would improve the capability of the TST, the
organization heads will be informed of the situation and asked to appoint a
representative who better serves the needs of the team.

ESTO
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@ TST Terms of Reference

Meetings
Meetings will nominally be held quarterly at selected sites.

- The Lead Technologist or ESTO Program Manager may provide a key topic
or question on which review, assessment and recommendation is requested.

- The ESTO Program Manager will conduct the TST meetings and will
routinely report actions/ progress made from prior TST meetings.

- Meetings will normally be open to all interested parties.
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@ Technology Strategy Team Participants

ESE Elements
Code YF Rep.

Code YO Rep.
Code YS Rep.

Lead Technologis

NASA Center Reps
ARC JSC

NASA Tech Prgms

CETDP SOMO DFRC LaRC
ERAST X-2000 GRC MSFC
HPCC Digital Earth External Orgs GSFC SSC
1P 1S NOAA JPL

NMP ISE NPOESS/IPO

SBIR USGS

Space Tech Alliance
-Space Architect
-NRO

-DARPA

Komar 4/27/98
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Integrated Technology Development Plan

Describes technology advancements needed to enable future
programs

Incorporates new technologies into ESE programs in the

— near-term, over the next 3 years;

— mid-term, 4 to 6 years from now; and

— far-term, 7 to 10 years from now.

Describes the investments needed over a six year horizon (FY
2000 to FY 2005)

Built around 3 product lines: Instruments, Platforms and
Information Systems and supported across product lines by
Advanced Technology Initiatives

Focuses science and application requirements
Advances component, subsystem and system development

Leverages technology development within NASA, with other
government agencies, industry, academia and international
partners

ESTO

Komar 4/27/98

Earth Science Technology Office 8



-

Integrated Technology Development Plan

« Example near and mid-term:

— Support measurements of topography and surface change using
synthetic aperture radar

— Precipitation measurements using a smaller, lower powered radar for
a global precipitation mission (TRMM follow-on)

« Example far-term:

— Support instrument, platform and advanced information systems that
will perform formation flying of micro-spacecraft

— Enable integration of simultaneous data sets from sensor webs

ESTO
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@ ITDP Outline

1.0 Introduction
2.0 Instrument Technology
2.1 Instrument Incubator
2.2 Advanced Technology Initiatives for Instruments
2.3 Instrument Advanced Concepts
3.0 Platform Technology
3.1 Current Platform Technology Program
3.2 Advanced Technology Initiatives for Platforms
3.3 Platform Advanced Concepts
4.0 Information Systems Technology
4.1 Advanced Information Systems Technology Program
4.2 Advanced Technology Initiatives for Information Systems
4.3 IT Advanced Concepts
Appendices
Investment Total Portfolio
Portfolio Instrument Portfolio
Platform Portfolio
Information Systems Portfolio

Investment
Strategy

ESTO
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Instrument Technology

CURRENT INVESTMENTS (1IP)

Radar Microwave Spectrometer Laser/Lidar UV/Vis/IR In situ GPS
Radiometer Radiometer

FUTURE INVESTMENTS (lIP)

Ecs-1
Ecs2
Ecs3
Eos4
Eoss
Ecs%
Eos4
Eosa
Eos-10
Exz
Exs
B4
Exs
Exe
ExXT
lor-1
op2
o3
o4
loFs
o4
op7

prprprprprpr e,
ATMOSPHERIC CHEMISTRY
Chemistry
u

o| [Eos?

o | [

ofo

ADVANCED TECH INITIATIVES

e Lasers - 1& 2 micron

* Microwave Radiometers - lightweight
microstrip

» Multi/hyperspectral Spectrometers -
ultra-wide FOV

* GPS - parallel processing

» Synthetic Aperture Radar - P-band

* SBIR - 10 lidars; 2 SAR

ADVANCED CONCEPTS

* ESE Vision
* NIAC-funded Studies
- Biological sensors
- Large ultra-lightweight deployable
structures
- Ultra-high resolution imaging
- Large aperture systems
- Rapid, low-cost sensor production

Komar 4/27/98
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Platform Technology

CURRENT INVESTMENTS

* None

FUTURE INVESTMENTS

» Spacecraft - Rad hardening

» Airborne - UAV Autonomy

» Balloons - GN&C

* Penetrators - Shock mitigation

* Buoys - Communications

* The Moon - Continuous power systems

ADVANCED TECH INITIATIVES

* ATI: Reprogrammable gate arrays

» Options: Formation flying

* SBIR: GPS guidance; electro-
mechanical systems

« CETDP: Micro/nano sensorcraft;
distributed spacecraft; ultra
lightweight structures

» External: Commercial

e Internal: NMP/X-2000

ADVANCED CONCEPTS

e Sensorcrafts
e Sensor webs

ESTO
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@ Information Systems Technology

CURRENT INVESTMENTS (Prototyping) FUTURE INVESTMENTS (AIST)

* Interactive Access « Data Collection Process

» Open Distributed Architecture . Systems Management

» Storage Management Technology e Transmission

* Prototype Management & e Infrastructure
Assessment

* Automated Systems Operations

* Network Prototypes

* Analysis, Search & Display
e Data & Information Production

ADVANCED TECH INITIATIVES ADVANCED CONCEPTS
* Onboard data processing * ESE Vision
« Communications - Autonomous, reconfigurable,
* Intelligent data extraction adaptable, interactive sensor webs
» Optical and data compression - Intelligent agents and sensors
* Formation Flying with pattern recognition
« CETDP: Image mining: high rate - Neural networking
rad hard digital modem - Al capabilities

» External: Internet Protocol (IP) v6

ESTO
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@ Integrated Technology Development Plan FY 99

Advanced Technology
Initiatives

Focused
Technology
Programs

|
|
nl
-§ ‘gl
8 O | ESTO funds (vision)
S ©
< Ol
|

ESE provides

NIAC requirements

Instruments | Platforms | | “g,rstme?,ﬁ'son
| |
wl [ el ][ lm
[ Lo | [P Lco R | [ Loco R

J. C.Duh

External Partnering

B

S

M. Pasciuto

Partnering within NASA

SBIR

Options & Trades

Technology I nvestments
(based on prior year studies)

I nstrument
| ncubator
Program

P. Hartley

Advanced
Platform
Technologies

L. Lemmerman

Advanced
| nformation
Systems

S. Smith

D. Silva
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Integrated Technology Development Plan

Example Record
<1 of 3>

Thereareprojectsaddressing airbornein situ measur ements
of SO2, NOx, and other trace gases using laser-induced

Project Name |In Situ |
Technology | | [fluorescence and gas chr omatogr aphy/mass spectrometry.
|

Investment Horizon |& Near-term B Mid-term [ Far-term O Future

Contact |Pepper Hartley

Executive Summary

FY99 Budget FY00 Budget FYO01 Budget FY02 Budget FYO03 Budget FY04 Budget FY05 Budget

[ s08] [ __si6] [ $06] | | | |
TRL 99 D TRL 00 D TRL 01 D TRL 02 D TRL 03 D TRL 04 D

ESTO
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Example ITDP Planning Format

Program

Advanced Tech. Initiatives

Prototyping
Data Collection Process
Systems Management
Transmission

Infrastructure

Analysis, Search & Display
Data & Information Production

FY99 FYO00 FYO1 FY02 FY03 FY04 FY05

$8.9]  $10.0][ $105| $11.0] $12.0] $12.0]
$8.5
$1.5
$2.0

$22.0
$22.0

$16.0
$3.9 $2.6 $2.1 $1.9 $1.9 $2.0
$3.8|  $2.6 $2.1 $1.9 $1.9 $2.0
$1.9 $2.6 $2.8 $3.8 $3.9 $4.0
$%| $26|  $49]  $45]  $3.9(  $40
$1. $1.3 $1.4 $1.5 $1.9 $2.0
$0.9 $1.3 $1.4 $1.5 $1.9 $2.0

Komar 4/27/98
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ITDP Development Schedule

Outline

Rough Draft
Draft Version
TST Comments
TSC

Final Version

3/26/99
4/16/99
5/14/99
5/28/99
6/4/99

6/30/99

Komar 4/27/98
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ESE Measurement Scenarios (BMPS)

SCIENTIFIC MEASUREMENT  FY 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
1. Atmospheric Chemistry
1.1 Stratospheric Chemistry
EOS-CHEM
EOS-7A Strat-CHEM/ISS (Inclined Orbit)

EOS-7B Stratospheric Composition
Measurement (Strat-CHEM: Sun-sync Orbit)
1.2 Tropospheric Chemistry

EX-1-L Tropospheric Chemistry Research
EX-1-G Tropospheric Chemistry Research

OP-4 Advanced Geostationary Sounder [ —
2. Atmospheric Physics
2.1 Aerosol Properties

EX-2 ESSP-3 PICASSO-CENA [ ——
EX-2-Adv. Aerosol Radiative Forcing
Research

2.2 Atmospheric Temperature/Humidity
EOS-PM/AIRS +AMSU
EOS-2,0P-1, EOS-3, AM NPP Bridge
Mission
EOS-2 Climate Variability and Trend
OP-1 Advanced Microwave Sounder
OP-3A GPS Constellation for Atmospheric
Sounding
OP-3B GPS Constellation for Atmospheric
Sounding

2.3 Cloud Properties

ESSP-3 CLOUDSAT
EX-3 Cloud-Radiation Feedback Research
2.4 Radiative Energy Fluxes

‘ i[ﬂ

i iHI

2.5 Total Solar Irradiance

ACRIM e ————————
SOLSTICE/TSIM R e ————————
EOS-4 Total Solar Irradiance Monitoring
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
1 Current I EX - Earth Probe Exploratory/Focused
/1 EOS - Systematic C— OP - Pre-operational E STO

Komar 4/27/98 . .
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ESE Measurement Scenarios (BMPS)

SCIENTIFIC MEASUREMENT  FY

2000 2001

2002

2003 2004 2005 2006 2007

2008 2009 2010

Sheet Mass Balance
Radarsat-1
LightSAR

(Experimental SAR)

(Experimental SAR)
Data Buy
3.2 Gravity Field Mapping
ESSP-2 GRACE
EX-5 Time-Dependent Gravity Field
Mapping
3.3 Magnetic Field Mapping
4. Global Water Cycle and Weather
4.1 Cold Hydrologic Process
EX-7 Cold Land Processes Research
4.2 Precipitation

TRMM
EOS-9 Global Precipitation

Observing
4.4 Surface Flow

4.5 Tropospheric Wind
NMP EO-2 SPARCLE
OP-2 Tropospheric Wind Sounder

3. Geodynamics, Geology & Applications
3.1 Earth Surface Deformation Mapping; Ice

EOS-8.1 Topography and Surface Change

EOS-8.2 Topography and Surface Change

<2

<

<

4.3 Soil Moisture; 7.5 Sea Surface Salinity
EX-4 Soil Moisture and Ocean Salinity

<

>

e

>

[e:

>

2000 2001

2002

2003 2004 2005 2006 2007

2008 2009 2010

=1 Current
/1 EOS - Systematic

B EX - Earth Probe Exploratory/Focused
C— OP - Pre-operational

Komar 4/27/98
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ESE Measurement Scenarios (BMPS)

SCIENTIFIC MEASUREMENT  FY 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
5. Land Cover and Terrestrial Ecosystems
5.1 Land Cover and Land Use Change

Landsat-7 >
NMP EO-1 >
EOS-1 Land Cover/Land Use Inventory e >
5.2 Vegetation Disturbance Recovery
ESSP-1VCL & >
EX-6 Vegetation Recovery (@ —
6. Natural Hazards
6.1 Lightning
6.2 Volcanic Ash Cloud Tracking
ESSP-3 VOLCAM & >
OP-5M Volcanic Ash and Gas Emission
Mapping and Advanced Geostationary Earth & >
Imager
OP-5G Volcanic Ash and Gas Emission
Mapping and Advanced Geostationary Earth & >
Imager

6.3 Fire Occurrence
6.4 Severe Storm Assessment
6.5 Flood Characterization

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

1 Current B EX - Earth Probe Exploratory/Focused
[ EOS - Systematic C—1 OP - Pre-operational E STO

Komar 4/27/98
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ESE Measurement Scenarios (BMPS)

SCIENTIFIC MEASUREMENT ~ FY 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
7. Ocean and Ice
7.1 lce Sheet Mass Balance
Icesat-1 ¢ >
EOS-10 Polar Altimetry (lcesat-2) & >
7.2 Ocean Color Mapping
EOS-AM/MODIS >

EOS-3 Global Terrestrial and Oceanic
Productivity

OP-6 Special Event Imager PO —
7.3 Ocean Surface Topography

TOPEX >

Jason-1 & >

EOS-6 & >
7.4 Ocean Surface Wind

QuikSCAT >

ADEOS-2 & >

EOS-5 Ocean Surface Wind Measurement

(METOP 1-3/ASCAT) G o
7.5 Sea Surface Salinity (see 4.3 above)

<NPP Bridge Mission>

7.6 Ocean Surface Temperature

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

1 Current I EX - Earth Probe Exploratory/Focused
[ EOS - Systematic C—1 OP - Pre-operational E STO

Komar 4/27/98
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@ ESE Measurement Scenarios (BMPS) Sorted

SCIENTIFIC MEASUREMENT  FY 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

ESSP-3 VOLCAM IO ———
LightSAR >

OP-4 Advanced Geostationary Sounder PO m——
ESSP-3 CLOUDSAT >
EX-4 Soil Moisture and Ocean Salinity
Observing

EOS-7A Strat-CHEM/ISS (Inclined Orbit)
EX-7 Cold Land Processes Research

EOS-6

Data Buy

OP-5G Volcanic Ash and Gas Emission
Mapping and Advanced Geostationary Earth
Imager

OP-5M Volcanic Ash and Gas Emission
Mapping and Advanced Geostationary Earth
Imager

EOS-1 Land Cover/Land Use Inventory
EOS-4 Total Solar Irradiance Monitoring
EOS-8.1 Topography and Surface Change
(Experimental SAR)

OP-2 Tropospheric Wind Sounder

EOS-9 Global Precipitation

EOS-5 Ocean Surface Wind Measurement
(METOP 1-3/ASCAT)

EOS-2 Climate Variability and Trend

OP-1 Advanced Microwave Sounder
EOS-2,0P-1, EOS-3, AM NPP Bridge
Mission

OP-3A GPS Constellation for Atmospheric
Sounding

EOS-10 Polar Altimetry (Icesat-2)

EX-5 Time-Dependent Gravity Field
Mapping

EX-3 Cloud-Radiation Feedback Research
EX-2-Adv. Aerosol Radiative Forcing
Research

EX-1-L Tropospheric Chemistry Research
EX-1-G Tropospheric Chemistry Research

EX-6 Vegetation Recovery

OP-6 Special Event Imager

EOS-8.2 Topography and Surface Change
(Experimental SAR)

EOS-7B Stratospheric Composition
Measurement (Strat-CHEM: Sun-sync Orbit)
OP-3B GPS Constellation for Atmospheric
Sounding

Hm["]” I H

i

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 | E STO
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@ ESTO Solicitation Schedule

FY 99 00 01 02
1 2 3 4 1 2 3 4 1 2 3 4
ATI
Options/Trade Studies D D D D
I nvestments: Selections D D
Reviews D D D D
E leted
om
Select.'98:Awad 998 | | oo o
Amfnouncement Selection C%Tgéeted
Select. *00: Award D o___! NS
Arjnouncement
Select. ‘02: Award D D__|,
Al
RFI D
Biennial Solicitation D D

ESTO
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Backup
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ESE Measurement Scenarios (Easton)

SCIENTIFIC MEASUREMENT  FY

2000 2001 2002 2003 2004 2005

2006

2007 2008 2009 2010

1. Atmospheric Chemistry
1.1 Stratospheric Chemistry
EOS-CHEM

1.2 Tropospheric Chemistry

2. Atmospheric Physics
2.1 Aerosol Properties
ESSP-3 PICASSO-CENA

2.2 Atmospheric Temperature/Humidity
EOS-PM/AIRS +AMSU

AM)
Climate Variability and Trend (EOS-2)
Advanced Microwave Sounder (OP-1)

GPS Constellation for Atmospheric
Sounding (OP-3)
2.3 Cloud Properties

ESSP-3 CLOUDSAT

2.5 Total Solar Irradiance
ACRIM
SOLSTICE/TSIM

Strat-CHEM/ISS (Inclined Orbit) (EOS-7)

Stratospheric Composition Measurement
(Strat-CHEM: Sun-sync Orbit) (EOS-7)

Tropospheric Chemistry Research (EX-
Advanced Geostationary Sounder (OP-4)

NPP Bridge Mission (EOS-2,0P-1, EOS-3,

Total Solar Irradiance Monitoring (EOS-4)

[e:

<&

)

e

Aerosol Radiative Forcing Research (EX-2)

(@3

<

&

Cloud-Radiation Feedback Research (EX-3)

C

<

o

2000 2001 2002 2003 2004 2005

2006

2007 2008 2009 2010

=1 Current
/1 EOS - Systematic

B EX - Earth Probe Exploratory/Focused
C— OP - Pre-operational

ESTO
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ESE Measurement Scenarios (Easton)

SCIENTIFIC MEASUREMENT  FY 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

3. Geodynamics, Geology & Applications

3.1 Earth Surface Deformation Mapping; Ice
Sheet Mass Balance

Radarsat-1 ——
ERS-1,2 >

Envisat/ASAR >

Topography and Surface Change S

(Experimental SAR) (EOS-8)

Data Buy [e>
3.2 Gravity Field Mapping

>

ESSP-2 GRACE e >

Time-Dependent Gravity Field Mapping e
0=

(EX-5)
4. Global Water Cycle and Weather
4.1 Cold Hydrologic Process
Cold Land Processes Research (EX-7)
4.2 Precipitation
TRMM >
International Precip. Mission < >
Global Precipitation (EOS-9) e
4.3 Soil Moisture; Sea Surface Salinity

Soil Moisture and Ocean Salinity Observing
(EX-4)
4.5 Tropospheric Wind
NMP EO-2 SPARCLE [e: >
Tropospheric Wind Sounder (OP-2) P m—
5. Land Cover and Terrestrial Ecosystems
5.1 Land Cover and Land Use Change
Landsat-7 >
NMP EO-1 >
Land Cover/Land Use Inventory (EOS-1) & >

I

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

1 Current B EX - Earth Probe Exploratory/Focused
[ EOS - Systematic C—1 OP - Pre-operational E STO
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ESE Measurement Scenarios (Easton)

SCIENTIFIC MEASUREMENT ~ FY 2000 2001 2002 2003 2004 2008 2009 2010

5.2 Vegetation Disturbance Recovery

ESSP-1VCL e >

Vegetation Recovery (EX-6) O E—

6. Natural Hazards

6.1 Lightning

Geostationary Lightning Mapper (OP-7) PO —
6.2 Volcanic Ash Cloud Tracking

ESSP-3 VOLCAM & <>

Volcanic Ash and Gas Emission Mapping and

Advanced Geostationary Earth Imager (OP-5) (@ e —

7. Ocean and Ice

7.1 Ice Sheet Mass Balance

Icesat-1 e

Polar Altimetry (Icesat-2) (EOS-10) C————
7.2 Ocean Color Mapping

EOS-AM/MODIS

Global Terrestrial and Oceanic Productivity & >

(EOS-3)

Special Event Imager (OP-6) PO m—
7.3 Ocean Surface Topography

TOPEX >

Jason-1 &
7.4 Ocean Surface Wind

QUuIkSCAT >

ADEQS-2 e

Ocean Surface Wind Measurement (METOP S 5

1-3/ASCAT) (EOS-5)

2000 2001 2002 2003 2004 2008 2009 2010

=1 Current
/1 EOS - Systematic

B EX - Earth Probe Exploratory/Focused
C— OP - Pre-operational
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